The retropharyngeal space is a distinct space along the midline of the extracranial portion of the head and neck which extends from the skull base to the upper Objective: To retrospectively compare the imaging characteristics of retropharyngeal density and associated findings for Kawasaki disease with those for non-Kawasaki disease, and identify the distinguishing features which aid the CT diagnosis of Kawasaki disease with retropharyngeal low density. Materials and Methods: Among the enhanced neck CT performed in children less than 8-years old with clinical presentation of fever and cervical lymphadenopathy over a 6-year period, only cases with retropharyngeal low density (RLD) were included in this study. The 56 cases of RLD were divided into two groups; group A included cases diagnosed as Kawasaki disease (n = 34) and group B included cases diagnosed as non-Kawasaki disease (n = 22). We evaluated the CT features including the thickness of RLD and its extent into the deep neck spaces, as well as soft tissue change in the adjacent structure. We also scored the extent of RLD into the deep neck spaces and the soft tissue changes in the adjacent structure.
INTRODUCTION
mediastinum. Because it is close to the airway and is a potential conduit for spreading disease, retropharyngeal diseases are assumed to be a significant contributor of disease. Various abnormalities such as inflammation, tumors, and post-traumatic lesions can be seen in the retropharyngeal space (1) .
CT imaging is a widely used modality for the diagnosis of retropharyngeal disease and evaluation of its extent. Retropharyngeal space infection occurs in 96% of cases involving children. Retropharyngeal low density without rim enhancement indicates retropharyngeal cellulitis, whereas circumferential rim enhancement is the hallmark of an abscess (2) . However, fluid collection in the retropharyngeal space without enhancement on CT has been reported in other diseases, mimicking retropharyngeal cellulitis (1).
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There are few reported cases of Kawasaki disease presenting as retropharyngeal low density (3) (4) (5) (6) (7) (8) (9) (10) . Occasionally, Kawasaki disease initially presents with clinical symptoms and signs and radiologic features pertaining to retropharyngeal cellulitis including fever, non-specific cervical lymphadenopathy, and retropharyngeal low density. Because the treatments of the two diseases are quite different, distinguishing them is important. However, there is paucity in the literature describing a retropharyngeal lesion of Kawasaki disease. The purpose of this study was to retrospectively compare the imaging characteristics of retropharyngeal low density and associated findings in Kawasaki disease with those of non-Kawasaki disease, and identifying the distinguishing features that aid in the CT diagnosis of Kawasaki disease with retropharyngeal low density.
MATERIALS AND METHODS

Patients
Institutional Review Board approval for viewing images and medical records of patients undergoing CT was obtained before initiating this study, which was compliant with the Health Insurance Portability and Accountability Acts (HIPAA). The requirement for written informed consent was waived. Medical records of children less than 8-yearold with clinical presentation of fever and cervical lymphadenopathy, including 608 consecutive enhanced neck CT at our institution from January 2005 to September 2010, were evaluated. Among them, 75 cases with retropharyngeal low density (RLD) were retrospectively included in this study. The RLD refers to the more than five contiguous sections in the retropharyngeal space (10) . The 19 cases with rim enhancing RLD suggestive of retropharyngeal abscess were excluded. Demographic information, clinical presentation, and CT findings of 56 children were reviewed retrospectively. The clinical impressions at the time of CT examinations included cervical lymphadenopathy (n = 39), deep neck infection (n = 14), Kawasaki disease (n = 2), and neck edema (n = 1).
The 56 cases of RLD (35 boys, 21 girls; age range, 5 months-8 years; mean, 4.1 years) were divided into two groups; group A was diagnosed as Kawasaki disease (n = 34) and group B diagnosed as non-Kawasaki disease (n = 22). No additional clinical symptoms aside from fever and cervical lymphadenopathy were evident at the time of the CT examinations. Diagnosis of Kawasaki disease is based on symptoms and signs presented after CT examinations. Diagnoses were made using the following parameters; fever for more than 5 days and four of the following five findings 1) non-purulent conjunctivitis, 2) changes in the lips or oral cavity, 3) polymorphous exanthem, 4) erythema with later desquamation of the extremities, and 5) at least one cervical lymph node greater than 1.5 cm. Patients with fever for more than 5 days and < 4 principal features was diagnosed as Kawasaki disease when a coronary aneurysm was detected (11) . For the 22 cases diagnosed as non-Kawasaki disease, some were actually infectious mononucleosis (n = 1), conjunctivitis (n = 1), tonsillitis (n = 1), acute pharyngitis (n = 2), otitis media (n = 2), and cervical lymphadenopathy with an unknown etiology. Six patients from group A and six patients form group B underwent a follow-up neck CT after 6.2 days (2-12 days), respectively.
CT Technique
The enhanced neck CT examinations were performed with 16 and 64 multi-detector CT scanners (SOMATOM Sensation 16, Siemens Medical Solutions, Germany and SOMATOM Sensation 64, Siemens Medical Solutions, Germany) with a 3 mm interval from the skull base to the lower trachea. Scan parameters were 100 kV tube voltage and 70 mA tube current. Sagittal reconstructed images were obtained (the Syngo, Software version 2006A, Siemens Medical solutions, Germany).
Analysis of CT Parameters in Two Groups
One experienced pediatric radiologist and a third year radiology resident analyzed the CT images in consensus and blinded to diagnosis.
The RLD refers to the more than five contiguous sections in the retropharyngeal space (10) . The thickness (maximal AP diameter) and axial extent of RLD were also assessed. The extension of retropharyngeal low density to deep neck spaces refers to an increased density compared with corresponding contralateral deep neck space on the three continuous axial images. The anatomic distribution was classified as carotid space, parapharyngeal space, anterior and posterior cervical space, submandibular space, and perivertebral space (6, 12) .
The increased thickness and enhancement of the sternocleidomastoid muscle, as well as platysma muscle and linear increased density of the subcutaneous fat layer compared with the corresponding contralateral structure Roh et al.
were assessed as adjacent soft tissue change.
We scored the extent of RLD into the deep neck spaces according to the number of involved deep neck spaces (scoring: 0-6). Score 0 indicated no involvement of deep neck space and score 6 indicated involvement of all deep neck spaces including the carotid space, parapharyngeal space, anterior and posterior cervical space, submandibular space, and perivertebral space. We also scored the soft tissue changes of adjacent structure according to the number of structures involved (scoring: 0-3). Score 0 indicated no involvement of adjacent structures and score 3 indicated involvement of sternocleidomastoid muscle, platysma muscle, and a subcutaneous fat layer.
Statistical Analysis
Results are presented as the mean ± standard deviation. Comparison of age and RLD thickness for groups A and B were performed using the Mann-Whitney U test. The score of the RLD extent into the deep neck space and adjacent soft tissue change were also compared with the Mann-Whitney U test. Group comparison of sex and enhancing pattern of lymph nodes were assessed by Pearson's Chi-squared test.
All statistical analyses were performed using the SPSS software (version 12.0, SPSS). A p value of less than 0.05 was considered to indicate statistical significance.
RESULTS
There was no significant difference for age (group A, 4.3 ± 1.9; group B, 3.9 ± 2.3, p = 0.393) and sex ratio (group A, 2.0:1; group B, 1.2:1, p = 0.323) between the two groups. The retropharyngeal low density without rim enhancement was seen in all patients, extending from level C1 to C6, but absent below level C7.
All 34 patients (100%) in group A and nine (41%) of 22 patients in group B demonstrated extension of RLD into the deep neck space, which was unilateral. There were a maximum of six involved deep neck spaces (Fig. 1) .
Thirty (88%) of 34 patients in group A and 12 (54%) of 22 patients in group B showed adjacent soft tissue change (Figs. 2-4) .
The RLD and associated soft tissue lesion decreased or disappeared in 12 follow-up neck CTs. The clinical symptoms were also improved in all patients (Figs. 1, 4) .
The thickness of RLD was statistically greater in group A than in group B (group A, 6.0 ± 2.1; group B, 4.6 ± 1.5, p = 0.01) ( Table 1 ).
The score of RLD extent into the deep neck spaces, was significantly greater in group A than in group B (group A, 2.3 ± 1.3; group B, 0.8 ± 1.0, p < 0.01) (Fig. 1) (Table 1) .
The score of the adjacent soft tissue changes were also greater in group A than in group B (group A, 2.0 ± 1.1; group B, 1.0 ± 1.0, p < 0.01) (Fig. 2) (Table 1) .
DISCUSSION
The retropharyngeal space is bounded by middle and deep layers of the deep cervical fascia and alar fascia. Also, it consists of lymph nodes and fat extending from the base of the skull to the level of T3 and the fascial "trap door" found at the T3 vertebral body, which serves as a potential conduit from the retropharyngeal space to the danger space (12) .
The retropharyngeal space runs along the midline of the deep neck space, and clinical evaluation has a very limited role for the diagnosis of retropharyngeal disease. Therefore, CT imaging is a widely used modality for diagnosis of retropharyngeal disease and evaluation of its extent. Various abnormalities such as inflammation, tumor, and post traumatic lesions can be seen in retropharyngeal space.
Among the types of retropharyngeal inflammation, retropharyngeal low density without rim enhancement indicates retropharyngeal cellulitis. Whereas, the circumferential rim of enhancement is the hallmark of an abscess. Jugular vein occlusion, compression or ligation, radiation therapy, longus coli tendinitis, and Kawasaki disease can cause retropharyngeal low density (1, 3-10, 13, 14) . In our study, the majority of the 34 (61%) of 56 patients with retropharyngeal low density were diagnosed as Kawasaki disease.
Kawasaki disease, which is known as an acute febrile mucocutaneous lymph node syndrome, is a systemic vasculitis (15) . First described in 1967 by Kawasaki, the disease predominantly affects infants and children younger than five years of age. Most diagnoses of Kawasaki disease were based on clinical criteria. However, patients with only fever and cervical lymphadenopathy at the initial examination may be misdiagnosed with a deep neck infection and the diagnosis of Kawasaki disease can be delayed. Early treatment of Kawasaki disease with intravenous immunoglobulin reduces the possibility of a coronary artery aneurysm, which is a complication of Kawasaki disease. Therefore, making a timely and accurate diagnosis is clinically important (16, 17) . In our study, only one patient underwent a CT study with the first impression of Kawasaki, whereas the first impressions of the other patients were cervical lymphadenopathy.
Because of a general lack of routine neck CT imaging in Kawasaki disease, CT findings of Kawasaki CT images (A-C) show retropharyngeal low density without rim enhancement (arrows), which extends to right parapharyngeal, carotid, posterior and anterior cervical, as well as submandibular and perivertebral spaces (score: 6). In addition, there are multiple enlarged cervical lymph nodes and swelling of right sternocleidomastoid, as well as platysma muscles and subcutaneous tissue (score: 3). Retropharyngeal low density and associated soft tissue lesions are dramatically improved on follow-up CT after immunoglobulin therapy (D).
and previously reported sporadic cases, and found that the 11 cases of retropharyngeal low density did not respond to antibiotics and confirmed sterile conditions in the surgical drainage (3, 5, 7, 9) . After treatment with immunoglobulin under the diagnosis of Kawasaki disease, all patients showed clinical improvement (3) (4) (5) (6) (7) (8) (9) (10) . In this study, 34 patients with retropharyngeal low density clinically improved after immunoglobulin treatment. In six cases with a follow up CT, a significant decrease or complete improvement of retropharyngeal low density was observed. The exact pathophysiology of retropharyngeal low density in Kawasaki disease is unknown. However, considering the operative findings and sterile culture for the surgical drainage and a dramatic response to immunoglobulin treatment, inflammation and edema was considered as the main mechanism (10). Kawasaki disease initially involves capillaries, arterioles and venules, and progresses towards microvascular permeability, causing extravascular albumin leakage and edema (18) . In this study, the thickness of the retropharyngeal low density in group A was significantly greater than in group B. The vasculitis of microvessels with tissue edema and inflammation is considered as the major pathophysiology of extensive retropharyngeal low density in Kawasaki disease. Retropharyngeal lesions can spread to T3. One case in the study by Langley et al. (10) showed extension of the retropharyngeal low density to the thoracic outlet. In this study, retropharyngeal low density was located throughout levels C1 to C6 without extension to the mediastinum.
It is well known that a deep neck infection may invade another deep neck space. Similarly, a retropharyngeal lesion may also invade another deep neck space. Park et al. (16) CT Analysis of Retropharyngeal Abnormality in Kawasaki Disease reported retropharyngeal low density extending to deep neck space. Unlike our study, the study by Park et al. (6) did not evaluate the anatomic location. All 35 patients with Kawasaki disease in our study showed a spread to the deep neck space, with the extension of retropharyngeal low density in group A being significantly more extensive than in group B.
In a previously published literature of retropharyngeal low density in Kawasaki disease, the adjacent soft tissue changes were not evaluated. In this study, sternocleidomastoid muscle, platysma, and subcutaneous fat were assessed. Group A showed significantly more frequent changes in soft tissue than in group B.
The extension of retropharyngeal low density to deep neck space and adjacent soft tissue changes improved after immunoglobulin therapy, and extension to deep neck space and adjacent soft tissue changes are estimated to be due to inflammation and edema caused by Kawasaki disease.
Retropharyngeal infections occur simultaneously with tonsillitis, otitis media or an upper respiratory tract infection, which are caused by streptococcus pyogenes and staphylococcus aureus (19) . CT findings of retropharyngeal cellulitis are retropharyngeal low density without rim enhancement associated with loss of fat density of the A, B. CT shows retropharyngeal low density extending to left parapharyngeal and carotid spaces (score: 2) and swollen left sternocleidomastoid muscle (score: 1), in addition to multiple enlarged cervical and retropharyngeal nodes, and palatine tonsil. C. Retropharyngeal low density is improved on follow-up CT after antibiotic therapy.
A B C Fig. 3. Infectious mononucleosis in 1-year-old boy. A, B. CT images show enlarged cervical lymph nodes in both neck and retropharyngeal low density without enhancing rim, which is not extended to deep neck space (score: 0). Adjacent soft tissue is not involved (score: 0). C. Retropharyngeal low density is improved on follow-up CT after antibiotic therapy.
deep neck. In this study, 22 control patients (group B) selected for comparison to Kawasaki disease patients. The clinical diagnoses for patients in Group B included cervical lymphadenitis, infectious mononucleosis, conjunctivitis, tonsillitis, acute pharyngitis, and otitis media. Clinically, they all showed improvement after antibiotic treatment, with the retropharyngeal low density of CT also decreasing or disappearing completely.
The limitations of this study are that neck CTs are not generally performed for diagnosis of Kawasaki Disease, the neck CTs are performed selectively for Kawasaki disease with fever and cervical lymphadenopathy only without the typical symptoms to exclude deep neck infection. All patients with Kawasaki disease have not been included in this study. However, considering the probability that a neck CT will also be performed in atypical Kawasaki disease patients, our neck CT finding of Kawasaki disease could facilitate the diagnosis of Kawasaki disease. Only sporadic case reports totaling 15 cases of retropharyngeal lesion in Kawasaki disease were described. We analyzed 34 relatively large retropharyngeal lesions in Kawasaki disease, as well as the adjacent soft tissue findings. Moreover, the extension of retropharyngeal lesion was compared with those of retropharyngeal cellulitis. To the best of our knowledge, this is the first study comparing the imaging characteristics of retropharyngeal abnormalities in Kawasaki disease with those in non-Kawasaki disease, in addition to identifying the distinguishing features that aid in the CT diagnosis of Kawasaki disease with retropharyngeal abnormalities. Our study suggests that retropharyngeal low density in Kawasaki disease is edema caused by Kawasaki disease and it is improved by the treatment associated with Kawasaki disease. This study may provide better insight in the pathophysiology and treatment of Kawasaki disease, thereby reducing unnecessary antibiotic treatment and invasive surgical treatment for retropharyngeal edema.
In conclusion, if children presenting with fever and cervical lymphadenopathy that display retropharyngeal low density extending into deeper neck spaces, as well as changes in adjacent soft tissue, the possibility of Kawasaki disease should be considered.
